Cancer and autoimmune disease {#s2}
=============================

Immune surveillance against cancer can fail due to suppression of antitumor immunity or immune editing, which lead to persistence and proliferation of tumor cells. In contrast, autoimmunity arises from an aberrant immune response to self-antigens, either directly due to recognition of these antigens as non-self or indirectly through disruptions in the microbiome, for example. Patients with chronic autoimmune illnesses are predisposed to lymphoproliferative conditions and solid malignancies either due to chronic inflammation or treatment-related immune-suppressive effects.

Patients with rheumatoid arthritis and lupus have high rates of malignant lymphoma and non-small-cell lung cancer (NSCLC).[@R1] In one study of patients with newly diagnosed metastatic melanoma, 28% had a coexisting autoimmune disease (AID) at the time of cancer diagnosis.[@R3] A similar study of NSCLC found that nearly 16 000 patients with stage III/IV NSCLC of 129 000 diagnosed every year had a comorbid AID.[@R4]

Immune checkpoint inhibitors (ICIs) interfere with coinhibitory T cell mediators such as cytotoxic T cell lymphocyte-associated protein 4 (CTLA-4) and programmed cell death-1 (PD-1). Monoclonal antibodies blocking the CTLA-4 and PD-1 pathways convert functionally exhausted T cells into activated, cytotoxic cells capable of clinically important antitumor effects. These drugs have revolutionized the field of oncology by leading to durable responses in many cancer types.

Clinical trials that led to United States Food and Drug Administration (FDA) approval of anti-CTLA-4 and anti-PD-1 agents have shown that their toxicity is due to immune-mediated inflammatory changes in healthy tissues. The concern that patients with pre-existing AIDs would experience disease exacerbation or increased autoimmune toxicity from ICI resulted in those patients being excluded from the clinical trials that led to the registration of ICIs.

Data from studies of patients with concomitant diagnoses of cancer and autoimmunity suggest that tens of thousands of patients might be excluded from treatment with ICIs even if they might provide clinical benefit due to a concern for exacerbation of an autoimmune condition.[@R5] This led to a re-examination of the omission of patients with pre-existing autoimmunity from trials of ICIs, and to reassess guidelines for ICI treatment that recommend that those patients not be treated with ICI. In 2020, AID is not an absolute contraindication for the use of ICIs; however, many oncologists are still wary of using ICIs in this patient population as the exact risks remain unclear. In this review, we will explore shared mechanisms of immune-related adverse events (irAEs) and AIDs, the prognostic significance of serum autoantibodies, and evidence for the safety and efficacy of ICIs in patients with pre-existing autoimmunity.

Immune-related adverse events {#s2-1}
-----------------------------

Ipilimumab (IPI), a fully human anti-CTLA-4 antibody, was the first FDA-approved immunotherapy to show a survival advantage in metastatic melanoma in a phase III trial. However, it was also associated with a high percentage of irAEs of any grade affecting approximately 60% of patients.[@R6] Further, 10%--30% of the immune-related toxicities with IPI were considered severe and potentially life threatening (grade 3/4) based on the National Cancer Institute's (NCI) Common Terminology Criteria for Adverse Events. In addition, there is a dose-dependent effect of IPI on toxicity, with higher rates observed in the 10 mg/kg groups compared with 3 mg/kg.[@R7] The most frequently occurring grade 3/4 irAEs in patients treated with IPI are diarrhea/colitis in approximately 20% of patients. Grade 3/4 colitis often occurs within 8--12 weeks of treatment initiation. Other toxicities commonly seen in IPI-treated patients include pruritus, hepatitis and endocrine dysfunction. Skin and gastrointestinal toxicity occur early after IPI treatment, with liver toxicity often seen later in the course of treatment usually within 4--9 weeks of starting treatment compared with endocrine toxicities, which can develop later, after 7--10 weeks.[@R8] Recent preclinical data suggest that direct delivery of the anti-CTLA-4 antibody can uncouple the antitumor effect from autoimmune toxicity.[@R9]

A characteristic toxicity of ICIs is hypophysitis. Prior to the use of IPI hypophysitis was regarded as exceedingly rare. Currently, it is important to screen for hypophysitis in patients receiving ICI as significant morbidity may ensue if the diagnosis is delayed.

Nivolumab, pembrolizumab and cemiplimab, all monoclonal antibodies blocking the PD-1 receptor, have similar toxicities. Anti-PD-1 therapeutics are less toxic than IPI, with approximately 50%--70% of patients developing irAEs of any grade and approximately 10%--15% developing grade 3/4 toxicity.[@R10] The most common toxicities of any grade include fatigue, rash, pruritus, arthralgia, diarrhea/colitis, hepatitis and endocrinopathies. Generally, the majority of irAEs in patients on anti-PD-1 therapy occur within the first 6 months of treatment.[@R13]

Thus far, three agents targeting PD-L1 have been FDA-approved, atezolizumab, durvalumab and avelumab. Interestingly, anti-PD-L1 agents appear to have less pulmonary toxicity compared with anti-PD-1 agents (4.9% vs 1.9%).[@R14] Perhaps, this is due to PD-L2 (the second known PD-1 ligand) signaling remaining unaffected, allowing for partially preserved PD-1 mediated tolerance. These findings were also observed in a meta-analysis including \>5000 patients with NSCLC.[@R15] Avelumab-related infusion reactions have been reported in approximately 25% of patients[@R16] likely owing to the fully humanized Fc tail of the antibody. However, no studies have directly compared anti-PD-1 and anti-PD-L1 antibodies in the same population, suggesting that some differences in toxicity profile may due to the particular treatment indication.

The combination of IPI with nivolumab has resulted in increased benefit compared with either agent alone in metastatic melanoma and renal cell carcinoma and has led to FDA approval of combination therapy in those tumor types, but at the cost of increased incidence and severity of irAEs.[@R17] In addition, irAEs emerged earlier after combination therapy than with single agent IPI or nivolumab. Trials using combination therapy for the treatment of melanoma targeting the PD-1 and CTLA-4 pathways have shown a marked increase of grade III/IV irAE rates in the Checkmate 069 trial which compared combination to IPI monotherapy (54% vs 24%) and Checkmate 067 which compared combination therapy to IPI alone or nivolumab monotherapy. This trial also revealed enhanced toxicity for the combination versus either therapy alone with grade III/IV irAEs (59% vs 28% vs 21%, respectively).[@R18]

Of all the organ systems involved with irAEs, cardiac toxicity carries the greatest mortality risk. Myocarditis is more likely to occur in patients receiving combination checkpoint blockade and is more likely to be fatal in those patients.[@R23] Zamami *et al* recently published factors associated with risk for myocarditis. They identified that female patients and patients over the age of 75 were at greatest risk for myocarditis.[@R24] In a review of WHO database of immunotherapy-associated myocarditis, mortality was reported to be 67% for patients who received combination therapy and 36% with anti-PD-(L)1 targeting antibodies.[@R25] The current hypotheses regarding the development of cardiac toxicity relate to T cell-mediated infiltration of cardiac tissue in response to cross-reactive antigens. A postmortem analysis from one patient revealed shared clonality of T cell receptors (TCR) in tumor-infiltrating T cells and cardiac-infiltrating T cells without evidence of antibody involvement.[@R23]

Overall, irAEs are a heterogeneous group of immune-mediated phenomena affecting multiple organ systems. Surprisingly, animal models testing checkpoint inhibitors showed adequate anticancer benefit, without evidence of toxicity. Only after their introduction into clinical trials did irAEs become evident and it became clear that reverse translational animal models are desperately needed.

A study looking at efficacy of anti-PD-1 therapy in combination with anti-tumor necrosis factor (TNF) therapy to enhance antitumor efficacy was published suggesting that this combination could achieve a synergistic effect.[@R26] More recently, a manuscript highlighted the possibility of uncoupling irAEs from ICI treatment effects in a mouse model.[@R27] In their study, the authors treated mice with dextran sodium sulfate (DSS) to chemically induce colitis in mice with tumor. Further, mice were given with combination immunotherapy (anti-PD-1 and anti-CTLA-4) as well as anti-TNF alpha antibody. The data suggested that tumor shrank and colitis improved. The authors concluded that this may be an effective strategy to uncouple toxicity from efficacy. While this study is interesting and can shed some light on basic biology, there are some major caveats. DSS colitis is a chemically mediated disease; it is known to respond well to anti-TNF therapy and animals treated with ICIs do not recapitulate human toxicity. Indeed, better reverse translational models are needed to study irAEs in animals.

In patients suffering from gastrointestinal irAEs, anti-TNF therapy has been used. In this recent report, five patients were treated with concomitant infliximab and immunotherapy regimen with resolution of gastrointestinal complications and no evidence of malignancy progression.[@R28]

Data have supported the hypothesis that irAE development is associated with increased progression-free survival (PFS) and overall survival (OS) in a variety of tumor types, especially NSCLC, suggesting shared mechanisms for antitumor effects and irAE development.[@R29] As our understanding of irAEs with ICIs deepens, we will likely be able to develop more targeted therapies to prevent toxicity while maintaining enhanced antitumor responses.

T cells in irAE pathogenesis {#s2-2}
----------------------------

With the emergence of irAEs, a new field to study their pathogenesis has emerged. To date, the most likely culprit of disease initiation and progression is the T cell. Several translational studies have shed light on the importance of new specific T cell clones, which can lead to toxicity.

In one manuscript, authors Johnson *et al* profiled infiltrating immune cells from a patient who developed encephalitis after treatment with pembrolizumab. Interestingly, the areas of inflammation had increased numbers of T cells with memory phenotypes. In addition, they found three predominant T cell clones recognizing Epstein-Barr virus (EBV) viral proteins with some matching known HLA-A2-restricted EBV-specific TCRs and cytotoxic CD4+ T cell clones with high PD-L1 staining.[@R34]

In a similar study evaluating the etiology of fatal ICI-induced myocarditis, Johnson *et al* describe clonal infiltrating T cell populations in common between the tumor and myocardium.[@R23] Cardiac histology revealed infiltration of CD3+ T cells and patchy necrosis of myofibrils. The authors hypothesized that there was a shared epitope between the target malignant cells and bystander cardiac myofibrils.

A third study evaluating the pathophysiology of checkpoint-induced pneumonitis (CIP) compared the composition of bronchoalveolar lavage fluid in ICI patients with CIP versus those who were treated with ICI and did not develop CIP. Using multiparameter flow cytometry, the investigators found that bronchoalveolar lymphocytosis could serve as a hallmark for CIP. Specifically, they found increased CD8+ T cells as well as central memory T cells, decreased numbers of regulatory T cells and higher numbers of activated macrophages in their bronchoalveolar lavage fluid.[@R35]

Oh *et al* hypothesized that IPI would lead to an expansion of tissue-specific T cell clones, driving irAE development. Instead of an expansion of subclinical tissue-specific clones, they saw an increase in de novo T cell subpopulations in patients who developed irAEs. This expansion occurred within 2 weeks of treatment, at a time before irAEs usually manifest. Remarkably, the overall diversity of the population (ie, the number of clonal populations detected) induced by IPI predicted which patients exhibited irAEs. Patients who experienced irAEs had greated diversity of CD4+ and CD8+ T cells without changes in regulatory T cells.[@R36] These data suggest that anti-CTLA-4 agents might trigger irAEs by induction of a large repertoire of phenotypically distinct T cell clones, some of which may interact with self-tissue. As some of these distinct T cells may also have specificity for tumor antigen, it suggests a possible mechanism for improved OS and PFS in patients who develop irAEs, although this remains controversial.

While these studies are incredibly informative, targeting T cells at large to manage irAEs represents a substantial dilemma since T cells are also those providing maximal antitumor effect.

Autoantibodies in ICI treatment {#s2-3}
-------------------------------

Many AIDs are marked by the presence of autoantibodies. While autoantibodies do not always drive specific AIDs, their presence can often be diagnostic or correlate closely with disease activity. Given the role of immune surveillance in tumor recognition, it was observed that antidouble-stranded DNA antibodies and antinuclear antibodies (ANAs) were associated with an improved outcome in patients with colorectal cancer and lung cancer, respectively.[@R37] Notably, ANAs can lead to opsonization of apoptotic cells and may increase the presentation of autoantigens to immune cells.[@R40] Thus, from mouse studies, we may hypothesize that in tumors with high cell turnover, autoantibodies might enhance the presentation of cancer antigens to immune cells, improving immune surveillance.

In ICI-treated patients, the connection between autoantibodies and treatment outcome has been evaluated. In a cohort of 137 patients with advanced NSCLC treated with nivolumab or pembrolizumab, patients with classic autoreactive antibodies such as ANAs, rheumatoid factor and antithyroid antibodies had higher PFS (6.5 months, 95% CI 4.4 to 12.9) compared with patients without these autoantibodies (3.5 months, 95% CI 2.4 to 4.1).[@R42] Yet, these autoantibodies were also associated with higher rates of irAEs (OR 3.25, 95% CI 1.59 to 6.65, p=0.001) and the irAEs were associated with an increase in PFS and OS. Antithyroid antibodies were correlated with increased rates of ICI-related thyroid dysfunction (20% vs 1%, p\<0.001) and rheumatoid factor was associated with increased rates of cutaneous irAEs (47% vs 24%, p=0.02). Since elevated autoantibody levels and irAEs were shown to correlate in those studies, it suggests that ICIs may induce expansion of subclonal B-cell populations until autoimmune phenotypes emerge.

There is evidence published in recent literature suggesting that subclinical autoantibodies can expand after ICI exposure. In one cohort of five patients treated with BCG and ICI, 1620 autoantibodies were queried in sera both pre-ICI and post-ICI treatment. Three of the patients had minimal expansion of autoantibodies after ICI administration (27--71 of the 1620 autoantibodies). The other two had high numbers of autoantibodies in post-treatment sera (505--853 of the 1620 autoantibodies,\~42% of total). Interestingly, only these two high-autoantibody patients developed grade III/IV irAEs, which led to early discontinuation of the trial. Of these two patients, the first had a high number of autoantibodies at baseline, as in a primary AID. The second had a rapid expansion of de novo antibodies after BCG/ICI coadministration.[@R43]

The autoantibody expansion in ICI-treated patients noted above does not depend on BCG. In a study of 99 seronegative melanoma patients treated with IPI, 19 (19.2%) developed autoantibodies after anti-CTLA-4 treatment. The development of autoantibodies was positively associated with the development of irAEs, but did not reach statistical significance (OR 2.92; 95% CI 0.85 to 10.01). However, the development of antithyroid antibodies along with thyroid dysfunction did reach such significance (OR 9.96, 95% CI 1.94 to 51.1).[@R44]

Gowen *et al* evaluated 78 patients with melanoma utilizing high-throughput protein arrays analyzing pretreatment autoantibodies in patients with metastatic melanoma. Their data suggest that measurement of serum autoantibodies from patients without an overt autoimmune clinical phenotype could predict the development and severity of irAEs after ICI administration.[@R45]

Work evaluating the effect of PD-1 on germinal center B cells has shown that PD-1 deficiency led to fewer long-lived plasma cells due to decreased cytokine production from T follicular helper cells and germinal center B cell death. However, the remaining plasma cells had a greater affinity for antigen.[@R46] Other studies have shown that PD-1/PD-L1 blockade or deletion of PD-1 can lead to an augmented B cell proliferative and antibody response to T cell-independent antigens as well as enhanced IgG isotype switching and longevity.[@R47] These studies suggest a mechanism by which PD-1 blockade could lead to autoantibody expansion and subsequent irAE development.

However, even where autoantibodies seem to play a role in irAE pathogenesis, the mechanism may be slightly different than that seen in traditional AIDs. Stamatouli *et al* evaluated autoantibodies in patients who developed insulin-dependent diabetes mellitus after ICI therapy. In their study, only 40% of their patients developed any of the anti-islet autoantibodies traditionally observed in spontaneous type 1 diabetes.[@R49] Conversely, in spontaneous type 1 diabetes, these autoantibodies are present in 95% of patients.[@R50]

These studies demonstrate that both anti-CTLA-4 and anti-PD-1/PD-L1 agents can induce expansion of autoantibodies in sera. Further, these autoantibodies often correlate with irAE development and potentially tumor response to ICI. Among other mechanisms, expanded autoantibodies may be responsible for increased autoimmune flares or irAE rates in patients with pre-existing autoimmunity exposed to ICIs.

Safety and efficacy of ICIs in patients with pre-existing autoimmune conditions {#s2-4}
-------------------------------------------------------------------------------

Recent retrospective data have demonstrated the safety and efficacy of ICIs in patients with pre-existing AIDs. One early case series of two patients with metastatic melanoma and AID treated with IPI (one with multiple sclerosis and one with rheumatoid arthritis) showed that there was no flare of either AID after ICI initiation though both patients were maintained on immunosuppression throughout the 4-cycle treatment course. Of the two patients, one had a marked response to immunotherapy.[@R51]

Subsequently, a report of seven patients with rheumatoid arthritis and cutaneous melanoma treated with IPI showed that four patients developed a partial response to therapy (57%) of which two had sustained responses for greater than 2 years (29%).[@R52] This overall response rate (ORR) (57%) exceeds the 11%--15% ORR in the general population.[@R53] Including an additional patient with ocular melanoma, five of the patients (62.5%) discontinued therapy due to high-grade 3--4 irAEs. While the overall level of irAEs was comparable to that of the general population (75% vs 86.2%), the rates of more serious high-grade III/IV irAEs were significantly higher in this small cohort (62.5% vs 27.3%), especially grade III/IV colitis (50% vs 14%). The largest retrospective study of anti-CTLA-4 in pre-existing autoimmunity included a cohort of 30 patients with a variety of AID, including rheumatoid arthritis, multiple sclerosis, inflammatory bowel disease (ie, ulcerative colitis and Crohn's disease) and systemic lupus erythematosus. Of the 30 patients, \~50% did not experience disease exacerbation or irAEs after IPI therapy. Additionally, 8 (27%) had flares of their AID requiring treatment with systemic therapy, largely corticosteroids. Grade 3/4 irAEs were observed in 9 (33%) patients, only slightly higher than the rate in the general population (27.3%). One patient with underlying psoriasis died due to ICI-related colitis.[@R55]

Anti-PD-1 antibodies nivolumab and pembrolizumab have been evaluated retrospectively in advanced melanoma in patients with either a pre-existing autoimmune disorder or after the development of high-grade irAEs on IPI.[@R56] Of the 52 patients with pre-existing autoimmunity, 20 patients (38%) exhibited a flare of their underlying AID requiring immunosuppression. Interestingly, none of the 11 patients with gastrointestinal or neurological AIDs flared. Another 15 patients (29%) developed an additional irAE, comparable to the rate of irAEs in the general population (21%) receiving PD-1 antibodies. This suggests that with anti-PD-1 therapy, patients with pre-existing AID may have heightened disease activity, but may not have higher rates of de novo irAEs.

The same authors included data on a cohort of 67 patients who developed irAEs and were treated with immunosuppression after exposure to IPI, then were treated with a PD-1 antibody.[@R56] Despite all patients having had an irAE on IPI, only 25 (37%) developed a subsequent irAE on anti-PD-1 therapy. Of these 25, only 2 (3%) had recurrence of their original irAE. The other 23 patients developed a new irAE altogether. Additionally, only 14 patients (21%) developed grade III/IV irAEs. There were no patient deaths.

A German study explored the use of anti-PD-1 in patients with pre-existing AID (n=19) or IPI-induced irAE (n=22).[@R57] Of patients with AID, 42% had a flare of their AID, similar to the 38% in the aforementioned Menzies study. Sixteen per cent developed a new irAE, which is lower than the 29% rate of irAEs observed in the prior study. Among the cohort of patients with an IPI-induced irAE, the rates of irAE recurrence on anti-PD-1 were similar to those of the prior study (4.5% vs 3%).

A number of other retrospective studies have evaluated the use of anti-PD-1/PD-L1 agents in patients with pre-existing autoimmunity. In one cohort of 56 patients with NSCLC and prior AID, 55% of patients developed an irAE or AID flare.[@R20] Among the 21 patients (38%) who developed irAEs, 5 (26%) were grade 3 or 4. Another study of 45 patients found that 44.4% of patients developed either an AID flare or irAE.[@R58] Lastly, a cohort of 16 patients from the Mayo Clinic had similar rates of irAE or AID flare (37.5%), all of which were managed successfully with ICI discontinuation or corticosteroids.[@R59]

Many of these findings were consolidated in a systematic review that included data from 123 patients drawn from 49 publications.[@R60] In that study, 92 (75%) of the patients either had a flare of their pre-existing autoimmunity or developed irAE. There were no differences in the development of adverse events in patients with active versus inactive AID at the time of treatment. However, there was a lower rate of adverse events among those receiving treatment for their AID at time of ICI (59% vs 83%). Among the patients who developed irAEs or flares, about 50% had improvement in their symptoms after discontinuation of ICI. Sixty-two per cent required high-dose corticosteroids and a further 16% required other immunosuppressive disease-modifying agents (eg, methotrexate, rituximab, infliximab). Only three patients (2.4%) died of adverse events. In line with prior data linking irAEs with an improved rate of ICI response, 25 (50%) of the patients who developed adverse events (either flare or irAE) had a partial or complete response to therapy, rates at or higher than those in the general population treated with any ICI. Among those without any events, only five (35.7%) had a response to therapy. These data suggest that a flare of pre-existing AID, in addition to irAE development, may be associated with tumor response to ICI.

In one study, the use of anti-PD-1/PD-L1 agents was associated with higher rates of existing AID flare (62% vs 36%) than with IPI, while IPI was associated with more de novo irAEs. Anti-CTLA-4 agents may lead to an increased diversity of T cell clones, which may explain the development of new irAEs.[@R61]

The largest retrospective series of patients with AID treated with ICI to date included 112 patients with a variety of cancer types treated with anti-PD-1/PD-L1 and anti-CTLA-4.[@R62] In this cohort, 22% were on immunosuppressive treatment at time of ICI initiation. Of the 112 patients, 47% had AID flare and 42% developed de novo irAEs. Only 21% permanently discontinued ICI and there was one treatment-related death. The 49% ORR in this population was higher than expected compared with patients without AIDs.

A major limitation of these retrospective studies has been the heterogeneity of AID in the study. Two newer manuscripts have overcome this limitation. In a retrospective evaluation of 102 patients with pre-existing IBD, 41% had a flare of their IBD compared with 11% with new IBD in a control group at the institutions. Of those with pre-existing IBD, 21% had grade 3 or 4 diarrhea. However, no deaths were reported and the response rates for malignancy were comparable to those seen in the relevant clinical trials.[@R63]

Most recently, a report of 22 patients with rheumatoid arthritis was published by Efuni *et al* evaluating risk of flares and irAEs. The authors found that while most patients were clinically quiescent prior to initiating immunotherapy for malignant conditions, at least 50% of patients flared, which seems to support data from other series.[@R64]

Overall, these findings suggest that ICIs lead to similar rates of irAEs in patients with pre-existing AIDs compared with those without existing AID and are summarized in [table 1](#T1){ref-type="table"}.

###### 

Published data of immune checkpoint inhibitors (ICIs) in patients with pre-existing autoimmune diseases (AIDs)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study\                     N     Tumor type                                   AID                                                                            ICI target            AID Rx at ICI initiation   AID flare rate   De novo irAE rate   Permanent discontinuation\   ORR
  (date)                                                                                                                                                                                                                                             (deaths)                     
  -------------------------- ----- -------------------------------------------- ------------------------------------------------------------------------------ --------------------- -------------------------- ---------------- ------------------- ---------------------------- --------------------------------------------
  Johnson *et al*[@R55]      30    Melanoma                                     Ps, RA, SLE, MS, IBD, thyroiditis other[@R7]                                   CTLA-4                43%                        27%              33%                 Unknown\                     20%
                                                                                                                                                                                                                                                     [@R1]                        

  Lee *et al*[@R52]          8     Melanoma                                     RA                                                                             CTLA-4                87%                        75%              50%                 63%\                         50%
                                                                                                                                                                                                                                                     (0)                          

  Menzies *et al*[@R56]      52    Melanoma                                     Ps, PsA, RA, SLE, SS, PMR, MG, IBD, thyroiditis, other[@R16]                   PD-1                  38%                        38%              29%                 4%\                          33%
                                                                                                                                                                                                                                                     (0)                          

  Gutzmer *et al*[@R57]      19    Melanoma                                     Ps, PsA, RA, PMR, MS, IBD, thyroiditis, other[@R5]                             PD-1                  32%                        42%              16%                 0%\                          32%
                                                                                                                                                                                                                                                     (0)                          

  Richter *et al*[@R59]      16    Melanoma, NSCLC, NHL                         RA, SLE, SS, PMR, other[@R3]                                                   PD-1, CTLA-4          44%                        6%               38%                 31%\                         NR
                                                                                                                                                                                                                                                     (0)                          

  Danlos *et al*[@R58]       45    Melanoma, NSCLC, other[@R3]                  Ps, RA, SS, V, thyroiditis, other[@R3]                                         PD-1                  16%                        24%              22%                 9%\                          38%
                                                                                                                                                                                                                                                     (0)                          

  Kähler *et al*[@R68]       41    Metastatic melanoma                          Ps, thyroiditis, RA, IBD, Churg Strauss, Sarcoidosis                           CTLA-4                15%                        29%              29%                 Unknown\                     12%
                                                                                                                                                                                                                                                     (0)                          

  Leonardi *et al*[@R20]     56    NSCLC                                        Ps, PsA, RA, SLE, SS, PMR, GCA, MS, MG, IBD, thyroiditis, other[@R11]          PD-1, PD-L1           20%                        23%              38%                 14%\                         22%
                                                                                                                                                                                                                                                     (0)                          

  Cortellini *et al*[@R69]   85    NSCLC, melanoma, renal cell, other[@R6]      Thyroid,[@R51] dermatologic,[@R14] rheumatologic,[@R10] IBD,[@R4] other[@R2]   PD-1                  16%                        47%              66%                 7%                           50% (active AID) versus 38% (inactive AID)

  Tison *et al*[@R62]        112   Melanoma, NSCLC, urologic,\                  PsA, RA, PMR, GCA, IBD, other[@R33]                                            PD-1, PD-L1, CTLA-4   22%                        47%              42%                 21%\                         49%
                                   Merkel                                                                                                                                                                                                            [@R1]                        

  Abu-Sbeih *et al*[@R63]    102   Melanoma, NSCLC, urologic, GI, other[@R10]   IBD                                                                            PD-1, PD-L1, CTLA-4   58%                        41%              30%                 23%\                         48%
                                                                                                                                                                                                                                                     (0)                          

  Efuni *et al*[@R64]        22    Melanoma, NSCLC, urologic,\                  RA                                                                             PD-1, PD-L1, CTLA-4   73%                        55%              42%                 5%\                          NR
                                   Merkel, other[@R4]                                                                                                                                                                                                (0)                          
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AID, autoimmune disease; CTLA-4, cytotoxic T cell lymphocyte-associated protein 4; GCA, giant cell arteritis; GI, gastrointestinal cancer; IBD, inflammatory bowel disease; irAE, immune-related adverse event; MG, myasthenia gravis; MS, multiple sclerosis; NHL, non-Hodgkin's lymphoma; NR, not reported; NSCLC, non-small-cell lung cancer; PD-1, programmed cell death-1; PMR, polymyalgia rheumatic; Ps, psoriasis; PsA, psoriatic arthritis; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SS, Sjogren's syndrome; V, vitiligo.

While these data are rather encouraging, due to the development of AID flares in many of these studies, close monitoring is warranted. Further, it should be noted that many of these analyses include multiple autoimmune disorders, when it is clear they are not all the same. In an ideal world, data should be compared from patients with similar spectra of autoimmune illnesses.

A multidisciplinary team that includes oncologists, rheumatologists and other subspecialties would best serve complex patients with pre-existing autoimmunity and malignancy treated with ICIs. This has already been instituted in major academic centers around the country.[@R65] Through this collaborative approach, we may be able to bring much needed treatments to a vulnerable population that could derive significant benefit.

Future directions and conclusion {#s2-5}
--------------------------------

Currently approved ICIs act on three molecular targets (CTLA-4, PD-1 and PD-L1) to increase the recognition of tumor cells by T cells. As an expected consequence of immune activation, irAEs affecting multiple organ systems can develop. While the exact mechanism is unclear, irAEs are thought to result from a highly active immune system and in some cases have been shown to be associated with improved outcomes to ICI therapy.[@R29]

Since ICIs trigger irAEs, patients with pre-existing autoimmunity were initially excluded from receiving ICIs on clinical trials, due to fear of autoimmune exacerbations and increased risk of high-grade irAEs. However, retrospective studies have shown comparable if not greater efficacy and similar side-effect profiles in patients with pre-existing autoimmunity treated with ICI. While most studies did show an increased rate of autoimmune flares, these flares were often low grade. In a subset of studies, autoimmune flares correlated with increased response rates to ICI. Currently, documented pre-existing autoimmunity is not a clear absolute contraindication for prescribing immunotherapy, though clinicians in the community may be wary to do so.

It is recommended that oncologists using ICI therapy collaborate closely with specialists well versed in specific autoimmune illnesses. Many centers have formed a network of specialists interested in managing potentially life-threatening toxicity from ICIs.[@R65]

A recent review suggested a treatment algorithm of severe irAEs[@R67] based on histology of the affected organs and the dominant infiltrating cell types, perhaps this framework could be extended to patients who develop toxicity with pre-existing AIDs as well. Currently, there is not enough evidence to support autoantibody testing in patients without pre-existing AID before the initiation of ICIs. If this is beneficial after the development of irAEs is also unclear at present.

One major limitation of this review is that many of the studies evaluating ICI safety evaluated many AIDs in aggregate. While these findings are encouraging, the substantial heterogeneity of AID in some of these studies, which may have different etiologies, risks oversimplifying the use of ICI in these patients. However, the data do seem to suggest that these drugs can often be used safely and with encouraging responses in many tumor types. In a monitored setting where rheumatologists and oncologists can collaborate in care, a prior diagnosis of AID should not preclude potentially life-saving or life-prolonging cancer treatment with ICI. To this end, ongoing prospective clinical studies of ICIs in patients with pre-existing autoimmune illness may illuminate the complex relationship between irAEs and pre-existing autoimmunity. A multisite NCI-sponsored prospective cohort study called, 'Nivolumab in Treating Patients with Autoimmune Disorders or Advanced, Metastatic, or Unresectable Cancer' (AIM-NIVO, NCT03816345) is aimed at addressing the safety and efficacy of ICI therapy in patients with specific pre-existing AIDs and intercurrent malignancy. This study will subdivide AIDs into distinct cohorts, making the risk of ICIs in specific AIDs easier to assess. These data are desperately needed to advance this nascent field and inform treatment guidelines for patients with a diagnosis of both AID and malignancy.
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